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Abstract 
An increase in sun intensity enhances the output power of the solar cells, but at the same time the rise of cell temperature affects 
its electrical performance negatively. The present authors have made a comparative study on temperature coefficients at various 
irradiances of multicrystalline solar cells made from the standard Siemens process and from material produced by a metallurgical 
route – the Elkem Solar Silicon (ESS®) process. Such temperature coefficients measured while exposed to various irradiance 
levels are essential to build a better understanding and prediction of field performance of solar cells manufactured from various 
feedstock types. In the current experiment, the current-voltages characteristics are measured for all solar cells by exposing them 
to an AM 1.5 spectrum from a AAA sun simulator in order to calculate the temperature coefficients. Electroluminescence (EL) 
images in forward bias mode are also provided. It was observed that ESS™ solar cells show significantly better temperature 
coefficients for current, efficiency and fill factor compared to similar cells from polysilicon at all incident irradiances. Such better 
temperature coefficients have also been reported previously from field measurements [1]. 
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1. Introduction  
The efficiency of a solar cell or a PV module under maximum power point operation depends on the solar cell 
temperature, the irradiance and the spectral composition of the incident sunlight. The increase of the surface 
temperature of solar cells / PV modules tends to reduce the power output according to its power temperature 
coefficients. The current ASTM standards only present PV modules and arrays  performance at standard reporting 
conditions (25 °C) unrepresentative of actual operating conditions where 50 °C and above is more common in the 
field. Furthermore, the temperature coefficients provided by the PV manufacturers are measured at 1000 W/m2 
irradiance, which is assumed to be constant over the whole range of irradiances and temperatures experienced by 
flat- plate terrestrial PV systems. This is not necessarily the case.  Especially the base resistivity, decided by the 
content of dopants, can play an important role for the temperature coefficient of solar cells from different 
manufacturing routes.  
Previously we have reported the better temperature coefficients on similar solar cells only at 1000W/m2 but now 
the work is extended to variable irradiance levels with potentially interesting prospects  for further development of 
solar cells with better temperature coefficients [2]. In our current experiment, we have addressed the issue of the 
variable temperature coefficients for the same solar cells as in [2], but depending upon the irradiance conditions. 
2. Experiment  
Temperature responses are obtained for both ESS™ and polysilicon solar cells through IV curve scans under a 
standard AM1.5 spectrum from a AAA sun simulator while changing the temperature of the solar cells from 25°C to 
70°C, and taking IV measurements at every second degree to determine the temperature coefficients of the solar 
cells. Six solar cells equally selected from each feedstock have been used to measure such temperature coefficients. 
Similar experiments are repeated at various irradiance levels between 200W/m2 to 1100W/m2 to obtain temperature 
coefficients as a function of solar irradiance. The EL images in forward and reverse bias are also provided to present 
the structure defects of all the solar cells measured.  
3. Results and discussions 
Both relative and absolute temperature coefficients of solar cells have been calculated from the temperature 
dependent IV measurements. Fig. 1 shows a typical example of changes in temperature coefficients of two solar 
cells; one from ESS® and the other from polysilicon over various irradiance levels, ranging from 200W/m2 to 
1100W/m2. Each temperature coefficient value is obtained through the slopes of the IV measurements plots with 
temperatures ranging from 25°C to 70°C at the different irradiance levels. Such results are attributed to absolute 
temperature coefficients.  
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Fig. 1. The absolute temperature coefficients (a) ISC (b) VOC (c) FF (d) efficiency of typical solar cells from both feedstocks . Every data point is 
the resultant slop of IV temperature scan graph from 25°C to 70°C. 
 
Starting with the short circuit current graphs of both types of solar cells, it can be clearly observed that the 
ESS(R) solar cells show significantly better improvement in the current temperature coefficient towards higher 
irradiances, while such values are more or less the same at 200W/m2 for all solar cells. Similar trends are observed 
for the output power and efficiency coefficients. However, the fill factor temperature coefficient trend is a little 
different following an exponential function toward the lower irradiance for ESS™ solar cells compared to 
polysilicon solar cells. On the other hand similar trends of open circuit voltage temperature coefficients are observed 
both for ESS(R) and polysilicon solar cells. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2. The box plots of short circuit relative temperature coefficients of solar cells from (a) ESS™ and (b) polysilicon feedstocks. Each box is 
made of experimental results from 6 solar cells. 
 
Figs 2 to 5 present the irradiance dependent relative temperature coefficients for the electrical parameters of a 
solar cell. Short circuit current shows lowest temperature coefficients at the highest irradiances. The peak values 
have been observed at 750nm irradiances which decrease a little towards lower irradiances. These trends are similar 
for cells from both feedstocks below 750 W/m2. At any irradiance level the ESS™ solar cells exhibit substantially 
better coefficients than compared to polysilicon solar cells.  
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Fig. 3. The box plots of open circuit voltage relative temperature coefficients of solar cells from (a) ESS™ and (b) polysilicon feedstocks. Each 
box is made of experiment al results from 6 solar cells. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 4. The box plots of fill factor relative temperature coefficients of solar cells from (a) ESS™ and (b) polysilicon feedstocks. Each box is made 
of experimental results from 6 solar cells. 
 
The change in temperature coefficients of Voc with light intensity seems to be independents of the feedstock type. 
The fill factor temperature coefficients decrease exponentially towards lower light intensity, which in theory should 
contribute to making  the ESS™ solar cells relatively more efficient at low light conditions, since polysilicon solar 
cells temperature coefficients does not seem to show the same trend with light intensity c.f. Fig 4(b). Fig 5 shows 
efficiency box plots for both technologies. Here again the highest efficiency coefficient is seen at 750 W/m2, and 
decreasing drastically towards lower irradiance for polysilicon solar cells compared to the ESS™ solar cells. In 
general ESS™ solar cells have clearly shown overall improved temperature coefficients. As the open circuit voltage 
temperature coefficients are more or less similar in the present case, the difference in efficiency coefficients between 
ESS(R) and polysilicon seems to be more explained by differences related to  Isc.  
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Fig. 5. The box plots of efficiency relative temperature coefficients of solar cells from (a) ESS(R)and (b) polysilicon feedstocks. Each box is 
made of experimental results from 6 solar cells. 
 
The better low light performance of ESS(R) solar cells might be linked with the fill factor responses at such low 
irradiances. The overall better performance of ESS(R) feedstock might possibly be related mostly to a lower 
decrease in mobility with increasing temperature, influencing the temperature coefficient for the Isc, seen for 
compensated material as compared to standard polysilicon [3]. 
The electroluminescence images in forward bias are presented in Fig 6 (a) and (b) for ESS(R) and polysilicon 
solar cells respectively, to prove an almost identical electronic and dislocations / clusters structure of both 
technologies for the cells studied. 
 
    
 
 
 
 
   
 
 
 
 
 
 
 
 
 
 
Fig. 6. The EL images of an (a) ESS(R) (b) Polysilicon solar cell at 1A current in forward bias. The reverse bias EL images are also similar. 
 
(a) (b) 
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4. Conclusion  
It is observed that the temperature coefficients for ESS® solar cells are considerably better than polysilicon solar 
cells due to better temperature coefficient of currents and fill factor. While comparing the efficiency coefficients, the 
ESS® solar cells show better results at higher light intensities in addition to considerably better low light 
performance.  EL images verify the apparent cell quality as being similar for the ESS® and polysilicon cells studied.  
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